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Abstract 
We fabricated a superconducting single-photon detector (SSPD) with bilayer structure. The detector consists of two 
meanders which are superposed face-to-face using optical adhesive. When the two nanowires are superposed 
perpendicularly, the degree of linear polarization dependence is reduced from 0.16 to 0.000617. This means that the 
polarization dependence, which has been a drawback in SSPDs, is suppressed almost completely using the present 
structure.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1. Introduction 
Superconducting nanowire single-photon detectors (SSPDs or SNSPDs) based on an ultrathin NbN 
nanowire are widely recognized as high-performance single-photon detectors in the infrared wavelength 
region [1]. SSPDs have very low dark counts, low timing jitter, and high response speed, which cannot be 
obtained by other single-photon detectors. There have been many efforts to further improve their 
performance. One major effort has been the multi-element configuration of SSPDs, which is suitable for 
photon number resolving, imaging optics, and large-area detection [2-4]. Besides juxtaposing meanders in 
the same plane for the multi-element configuration, it is also possible to superpose meanders for a 
multilayer configuration. The multilayer configuration may be suitable for high detection efficiency, 
polarization-free detection, and energy resolution of SSPDs. In the multilayer configuration, the distance 
among the layers has to be shorter than the confocal parameter of the laser beam to focus the beam on all 
meanders. This means that we need a multilayer of NbN meanders with the thickness of about a few ten 
micrometers. Unfortunately, such technology has not yet been developed for NbN, and we need to find 
some method to superpose meanders.  
One drawback of an SSPD is its polarization dependence [5-8]. This is especially problematic for fiber-
based experiments, because the polarization state changes inside the standard optical fiber. A typical 
example is the fiber based quantum key distribution experiment. In this case, all properties of the 
transmission lines, including the quantum efficiency of the detectors, have to be constant in order to 
characterize the transmission. If the quantum efficiency changes as the polarization state changes, we 
cannot estimate the error rate and cannot ensure security.  
The origin of the polarization dependence in SSPDs comes from their strongly anisotropic meander-
shaped geometry. It has been reported that the absorbance of the polarized light parallel to the nanowire is 
21 %, while it is only 10 % for perpendicularly polarized light [7]. To minimize the polarization 
dependence, Dorenbos et al. fabricated a spiral shaped SSPD [5]. In this design, the degree of linear 
polarization dependence C is reduced to 0.02, where C = (Nmax - Nmin) / (Nmax + Nmin). Here, Nmax is the 
maximum count rate and Nmin is the minimum count rate when the angle of linear polarization is changed. 
They also fabricated an SSPD with two juxtaposed perpendicular detection areas with C = 0.03.  
Here we report the fabrication of two meanders that are superposed face-to-face using optical adhesive. 
When the two nanowires are superposed perpendicularly, C is reduced to 0.000617. 
2. Experimental 
The fabrication processes for the NbN meanders is as follows. NbN thin films with the thickness of 3.5 
nm were deposited on MgO (100) substrates at 400 °C by reactive DC magnetron sputtering in a mixture 
of Ar and N2 gases. Then the films were formed to the nanowire with the width of 100 nm by standard 
electron beam lithography and reactive ion etching (RIE). The nanowire forms a 10 × 10 Pm2 detection 
area with a filling factor of 0.5. The critical temperature (Tc) of the nanowires was about 11 K and the 
critical current (Ic) was about 15 PA. The resistance of the nanowires was about 2.8 M: at room 
temperature. The quantum efficiency of each meanders is about 1 % at 1550 nm-wavelength. Details of 
our SSPD fabrication process are described elsewhere [9,10].  
The fabrication process for the bilayer structure is as follows. First, 100-nm-thick SiO2 layers were 
deposited on the nanowires using an electron cyclotron resonance (ECR) sputtering apparatus for the 
insulation of each meander. Then, one of the meanders was flipped and superposed to the other face-to-
face using optical adhesive, as schematically shown in Fig. 1. Since the distance between the two 
meanders is about 10 Pm and is shorter than the confocal parameter of the laser beam, it is possible to 
focus the laser beam on both meanders simultaneously. Fig. 2 shows a microscope photograph and 
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schematic of bilayer structures which are perpendicularly superposed.  Although the alignment of the 
meanders was done manually while observing with a microscope, it is possible to align then correctly. 
Fig. 1. Cross-sectional schematic view of bilayer structure 
Fig. 2. (a) Microscope photograph.  (b) Schematic view of bilayer meanders (upper: bold lines, lower: thin lines). 
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The optical measurement setup is shown in Fig. 3. The 1550-nm-wavelength continuous laser beam is 
strongly attenuated and linearly polarized with an angle of 2T using a linear polarizer and a half wave 
plate. The laser beam illuminates SSPDs in a cryocooler through an optical fiber with a condensing lens. 
The cryocooler is operated at 4.79 K. To compensate for the polarization changes during the transmission 
through the fiber, a quarter-wave plate and a half-wave plate are also introduced. For the measurement, 
first we set 2T = 0 and maximized the count rate by changing the quarter-wave plate and the half-wave 
plate. Then the polarization dependence was measured by rotating 2T. Bias current was generated with an 
isolated variable voltage source (Stanford SIM928) and 50-k: resistor (not shown). A bias tee 
(Picosecond 5541A) discriminated the bias current from the voltage signals, resulting in detection events. 
The signals were amplified by a series of two rf amplifiers with a total gain of 60 dB and fed to a single-
shot oscilloscope (Tektronix DPO72004) or a photon counter (Stanford SR400).  
Fig. 3. Experimental setup for polarization measurement. 
3. Results and discussion 
The polarization-dependent count rates of SSPDs were measured with a step of 10°. Since there are 
some differences in the properties between the upper and lower meanders, we chose the bias current of 
each meander so that both would have the same quantum efficiencies (Ibias = 13.95 PA for upper; 11.85 
PA for lower).  The count rate at an angle T is fitted by the following formula: 
N(T)  = Nmaxcos2(T) +Nminsin2(T).                                                                                                    (1) 
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As shown in Fig. 4, the fitting works quite well. The degree of linear polarization dependence C is 
calculated to be 0.158 for the upper meander and 0.163 for the lower meander. The phase difference 
between them is not exactly 180°, but has a 2° shift, which may be due to misalignment during 
superposition. The sum of the upper and lower meanders is almost constant and no sine shape is observed. 
If we fit the total count rate by eq. (1), C becomes 0.000617. This shows that the bilayer structure can 
eliminate the polarization dependence in SSPD as well as double the quantum efficiency. 
Although the polarization dependence is eliminated by this structure, a drawback is that we have to 
provide electronics for both meanders. This may be resolved by using the parallel meander configuration, 
which is widely used in a multi-element SSPDs [3,4]. In the present case, we cannot use the parallel 
configuration since the difference in Ic between the two meanders is large. A parallel configuration SSPD 
with the bilayer structure would become a more practical single-photon detector without polarization 
dependence. 
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Fig. 4. Polarization dependence of upper meander (blue), lower meander (black), and total (red). Lines are fits using eq.(1) 
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4. Conclusion 
We fabricated a newly designed SSPD with a bilayer structure. In a perpendicular configuration of the 
nanowires, we can eliminate the polarization dependence as well as double the count rate. 
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